A novel hierarchical nanotemplated carbon monolithic rod (NTCM) was prepared using a novel facile nanotemplating approach. The NTCM was obtained using C 60 -fullerene modified silica gels as hard templates, which were embedded in a phenolic resin containing a metal catalyst for localized graphitization, followed by bulk carbonization, and template and catalyst removal. TEM, SEM, and BET measurements revealed that NTCM possessed an integrated open hierarchical porous structure, with a trimodal pore distribution. This porous material also possessed a high mesopore volume and narrow mesopore size distribution. During the course of carbonization, the C 60 conjugated to aminated silica was partly decomposed, leading to the formation of micropores. The Raman signature of NTCM was very similar to that of multiwalled carbon nanotubes as exemplified by three major peaks as commonly observed for other carbon materials, i.e., the sp 3 and sp 2 carbon phases coexisted in the sample. Surface area measurements were obtained using both nitrogen adsorption/desorption isotherms (BET) and with a methylene blue binding assay, with BET results showing the NTCM material possessed an average specific surface area of 435 m 2 g −1 , compared to an area of 372 m 2 g −1 obtained using the methylene blue assay. Electrochemical studies using NTCM modified glassy carbon or boron doped diamond (BDD) electrodes displayed quasi-reversible oxidation/reduction with ferricyanide. In addition, the BDD electrode modified with NTCM was able to detect hydrogen peroxide with a detection limit of below 300 nM, whereas the pristine BDD electrode was not responsive to this target compound.
INTRODUCTION
Over the past decade or so, porous carbon materials have attracted significant attention, 1−3 and have been shown to exhibit significant potential for many cutting edge applications, including for example, catalysis supports, electrochemical double-layer capacitors, gas storage, and sorbents for separation/remediation processes. These diverse applications stem from high specific surface areas and excellent thermal/ chemical stability of such porous carbon materials. It is noticeable that most of these carbon materials are usually prepared in a powder form, 4,5 thus for tailoring these materials to match a particular application, it is often necessary to formulate them in a particular macroscopic shape. Carbon monoliths (CM) possess an integrated structure, which is much easier to apply to many of the above applications. 6, 7 Additionally, CMs often exhibits a controlled pore structure, with interconnected channels within their framework, which additionally provides the benefit of high flow-through permeability. According to International Union of Pure and Applied Chemistry (IUPAC) definitions, mesoporous carbon materials possess pores within the 2−50 nm range, microporous materials have pores of <2 nm, whereas pore size within macroporous carbon are >50 nm. Hierarchical pore structuring is usually achieved by various templating techniques, including the use of hard and soft templates. 8, 9 Therefore, it is crucial to understand the effects of such architectures upon its physicochemical properties, surface area, mechanical strength, and surface chemistry. Fabrication of CMs by various fabrication strategies have been reported by a number of authors. 11−14 Alvarez and Fuertes 15 produced a carbon monolith using a "nanocasting" approach, employing a macro/mesoporous silica monolith as the sacrificial template. The resultant CM exhibited an interconnected replicated structure, with an impressive surface area of 1,800 m 2 g −1 . Xu et al., 16 also used a silica monolith as hard template together witha mixture of styrene and divinylbenzene to synthesize a CM with bimodal perfusion pores by nanocasting and phase separation. Carbon-based monoliths can also be prepared via the pyrolysis of a carbon rod produced from the polymerization of a resorcinol-formaldehyde copolymer on bare silica particle templates, with iron as the catalyst for localized graphitization. 10, 17 More recently, macro/mesoporous carbon monoliths with a graphitic framework have also been prepared via copolymerization of resorcinol and formaldehyde, with the inclusion of a polyamine (tetraethylenepentamine). 18 The polymers were also be doped with different metallic salts of Fe, Ni, or Co prior to carbonization, forming encapsulated metallic nanoparticles during the carbonization step. Such nanoparticles effected the conversion of a fraction of amorphous carbon into graphitic domains and were then removed from carbon monoliths by acid etching. However, despite considerable interest in carbon monoliths over the past decade or more, todate to the authors' knowledge, carbon nanoparticles have not been immobilized onto and within the macroporous wall surface of such carbonaceous monolithic materials, producing "carbon in carbon" or "carbon on carbon" monolithic composites. Given the unique selectivity and physical and chemical properties many such carbon nanoparticles are known to possess, it is reasonable to anticipate that the use of such nanoparticles within the formation of carbon monolithic structures may result in transfer of such properties, in full or in part, onto the resultant carbon substrate. Therefore, the work herein describes a new synthetic procedure for the production of monolithic hierarchically porous carbon, using a facile "nanotemplating" process, based upon the use of C 60 fullerene-modified silica gel as the hard agglomerated template material. Carbon rods were formed using a thermally initiated process, based on pyrolyzing a precursor rod made of a mixture of phenol-formaldehyde resin and the modified silica gel. Key physical and chemical features of these hierarchically porous carbon materials were investigated, together with their potential application as new selective electrode materials.
EXPERIMENTAL METHODS Preparation of Fullerene Modified Silica Templates (FMS).
The chemical modification of the silica surface with C 60 was carried out using a standad coupling procedure ,as shown in scheme 1.
First, 1.2g of 5 μm silica gel, with a surface area of ∼95 m 2 g −1 and pore size of 160 Å, was reacted with 10% v/v 3-aminopropyltriethoxysilane (APTES) in 100 mL anhydrous toluene under reflux for 5 h (110 °C), followed by filtration and extensive washing with toluene and methanol (30 mL each), respectively. The resulting 1.0 g of aminated silica (APS) was then refluxed with 300 mg of C 60 (98 wt %, Sigma-Aldrich, Ireland) in 100 mL of anhydrous toluene under nitrogen for 16 h (110 °C), providing the C 60 -modified silica (FMS). FMS was then transferred into a thimble for Soxhlation with 100 mL of toluene until the filtrate was colorless followed by chloroform and methanol to obtain FMS. These particles were ovendried at 80 °C for 16 h and kept in a desiccator. Elemental analysis revealed the concentration of NH 2 − groups upon the APS prior to modification was 3.357 × 10 −4 mol/g of the stationary phase, whereas the amount of C 60 on the surface of the resultant FMS was 1.937 × 10 −4 mol/g of the stationary phase.
Additionally from elemental analysis data, it was con firmed that the attachment of C 60 to the APS surface took place only through one carbon atom of C 60 . Thus, the amount of primary and secondary amino groups on the surface was 1.42 × 10 −4 mol/g and 1.937 × 10 −4 mol/g, respectively, i.e., the corresponding ratio of primary:secondary amino groups was ∼0.73:1. Characterization. High-resolution scanning electron microscopy (SEM) images of the prepared monolithic materials were obtained using a field emission Hitachi S-5500 SEM (FE-SEM) (Dallas, USA) at an accelerating voltage of 10−20 kV. The surface composition of the NTCM was examined using a Hitachi SEM/energy-dispersive X-ray spectrometer (SEM/EDX) model VP-SEM S-3400N (Oxford, UK). High-resolution imaging for carbon monoliths was performed by using a JEOL JEM-2100LaB 6 transmission electron microscope ( TEM ) (Tokyo, Japan) operated at 200 kV. The samples for TEM measurements were suspended in 2-propanol and dropped onto carbon-coated copper grids. Thermogravimetric analysis (TGA) was conducted on a TA Instruments TGA-Q50 analyzer (Newcastle, USA) from 25 to 800 °C, with the heating rate of 10 °C min −1 under nitrogen (50 mL min −1 ) to mimic the carbonization process. A Micromeritics TriStar II 3020 surface area analyzer, (Georgia, USA) was used to measure the specific surface area and the pore volume using a nitrogen adsorption/desorption technique. Raman spectra were obtained using a HORIBA Jobin Yvon LabRam800HR with a CCD detector (New Jersey, USA). The argon ion laser used was the Innova 70-C-2 made by Coherent (Santa Clara, USA). The laser power was 6 mW with excitation wavelength 514.5 nm. A magnification of ×50 on the objective lens was used to focus the laser beam and collect backscattering radiation. The exposure time of all spectra recorded was 10 s. Each spectrum was the accumulation of three scans. Electrochemical Measurements. Electrochemical investigation of the prepared materials was carried out in order to further confirm the presence of C 60 or monolith entrapped residues. Electrochemical characterization was performed using a CH Instruments CHI 1040A electrochemical workstation (Austin, USA). A three-electrode system consisted of a working electrode, a BAS Ag/AgCl (3 M NaCl) reference electrode (West layette, USA) and a platinum wire counter electrode. Cyclic voltammetry (CV) measurements were performed using a glassy carbon electrode (GCE) or boron doped diamond electrode (BDD, diameter = 3 mm, Winsor Scientific, UK), which were polished using 0.3 μm and then 0.05 μm alumina powder, rinsed with deionized water, sonication in absolute ethanol, and finally rinsed with deionized water once more. Each electrode was then dried under nitrogen. Finally, the GCE or BDD was cleaned using CV in a 50 mM phosphate buffer solution (PBS), pH 7.0, between −0.5 and +1.5 V for GCE and −1.5 to 2 V for BDD at 0.1 V s −1 , until a stable CV profile was obtained.
Fabrication of Nanotemplated Carbon Monolith Rods (NTCM

Methylene Blue (MB) Adsorption
A stock suspension of graphite (1 mg mL −1 ) was prepared by dissolving in a solution of methanol containing 0.5% Nafion. The suspension (5 μL) was cast onto the surface of a freshly polished GCE (Graphite/Nafion/GCE) and dried at room temperature. The solvent was evaporated slowly in air, resulting in a uniform electrode film Carbon monolithic fragments (CM blank or NTCM) were prepared via crushing of the carbon monolith rod with a mortar and pestle. Modified electrodes were then prepared in the same way as for the graphite electrode, but replacing the graphite suspension with either a suspension of C 60 fullerene, crushed CM blank, or crushed NTCM, producing the various composite modified electrodes, denoted as C 60 / Nafion/GCE, CM blank/Nafion/GCE and NTCM/Nafion/GCE, respectively. For the fabrication of modified BDD electrodes, carbon monolithic (CM blank or NTCM) powder was dispersed in dimethylformamide (1 mg mL −1 ) with intensive ultrasonication for 30 min. The suspension (5 μL) was cast onto the surface of a freshly polished working BDD electrode and dried at room temperature.
RESULTS AND DISCUSSION
Preparation of the Nanotemplated Carbon Monolith. The fullerene-modified silica (FMS) hard template used for the preparation of the nanotemplated carbon monolith was 5 μm sized aminated porous silica, modified with C 60 . On the basis of elemental analysis, the loading of C 60 upon the 5 μm silica was relatively high, up to 1.23 C 60 molecules per nm 2 . This C 60 coverage was reproducible from batch to batch, with variation of <4 %.
The resorcinol-formaldehyde/Fe(III) system used for the fabrication of the nanotemplated carbon monolith was also noticeably different from that used for the formation of other types of carbon monoliths. 22 The resorcinol-formaldehyde resin is formed via a polycondensation mechanism, induced by HCl from partially hydrolyzed FeCl 3 . 23 Fe(III) is also needed, as described below, to enhance the graphitization process at later stage of formation. In general, most phenolic resins are resistant to complete graphitization, even at temperatures of up to 2000 °C. 3 Such a high-temperature treatment will drastically reduce the mesoporosity of the glassy carbon, limiting its surface area for many applications. 10 Thus, when the resorcinol-formaldehyde carbon precursor is pyrolyzed at temperatures up to 1250 °C, it produces a largely amorphous structure, that resembles that of turbostratic carbon. To partially circumvent these issues, in situ catalytic graphitization, which can be obtained at a relatively low temperature, can be applied. In this study, FeCl 3 is used to increase the degree of graphitization within the final monolithic carbon. 10 With such an approach it was important to understand the precise combustion behavior process taking place, which obviously affects the physical and chemical properties of the resultant carbon monolith. In this regard, a series of thermal gravimetric analysis (TGA) studies were carried out,24 which were used to mimic the carbonization/graphitization process, to determine the composition of materials and evaluate their thermal stability up to 800 °C. The thermogravimetric (TG) curve obtained for the FMS template material revealed four stages of weight loss. The first one occurred between 25 and 120 °C with a gradual weight loss of 0.3%, mainly attributed to adsorbed moisture vaporization, a loss also seen with samples of CM blank resin, NTCM resin, as well as pure samples of C 60 (Figure 1a) . The next stage between 120 and 600 °C shows a gradual weight loss of ∼0.7% for the FMS, resulting from the deamination of the secondary amino substitute and unreacted primary amine from APS (Figure 1a) , which is in agreement with the results of Jaroniec et al. 25 This weight loss could also attributed to the partial decomposition of the substituted C60 molecules, as the pure C60 showed signs of decomposition beginning at ∼400 °C (Figure 1a , C60). The weight loss rate for FMS reached a maximum at ∼530 and ∼700 °C, for the third and final stage, respectively, with 5% total weight loss, mainly due to the decomposition of the covalently attached C60. However, these two temperature values were slightly shifted toward higher temperatures, compared to TGA of pure C60, which could be related to their covalent immobilization.
Pure C60 under inert conditions showed a total loss of approximately 67% weight at 800 °C, in full agreement with literature data. 26 The rapid weight loss of C60 at ∼700 °C illustrated that the sublimation/ decomposition temperature was reached. The TG curve for the NTCM sample ( Figure 3a ) resembled closely that of the CM blank, however it displayed a lower total weight loss (∼25%) and much lower weight loss rates at ∼450 °C and ∼640 °C. differences should only arise from the presence of thermally resistant C 60 . The NTCM TG curve also shows four stages of weight loss. As mentioned above, the first, between 25 and 140 °C, with a gradual weight loss of 1.7%, was mainly attributed to vaporization of physically adsorbed moisture, solvent residue and unreacted monomers. Following this, a series of three stages of weight loss occurred between 140 and 800 °C, with a total weight loss of 22.3%, dominated by the partial graphitization of the phenolic resin and the generation of water vapor, carbon monoxide, and hydrogen. During this graphitization process, the loss of water vapor, carbon monoxide, and hydrogen should result in sample weight loss as reflected by three substages (the maximum weight loss rate for stage I at ∼240 °C, stage II at ∼450 °C and stage III at ∼680 ± 20 °C). Most water vapor and carbon monoxide are generated from the carbon precursor in stage I, between ∼140 and ∼260 °C, with only ∼4% weight loss. Bulk carbonization occurs within stage II, the maximum weight loss rate being ∼50 °C lower than carbonization of the resin without the presence of the iron catalyst. 18 This weight loss is mainly related to the decomposition of surface oxides. Notably, the catalyzed graphitization temperature for NTCM in stage III from 600 to 800 °C, was ∼30 °C higher than the CM blank, indicating the C 60 was comparably more stable than the resin. There was no additional rapid weight loss, similar to that observed for C 60 , and such behavior implies that the phenolic resin limits the functional groups on the surface of the template from being fully oxidized. However, since only trace amounts of C 60 have been introduced to the resultant monolith, the TG curve of NTCM shown in Figure 3a was not expected to show this relatively small loss. During the heat treatment to produce the NTCM, Fe(III) is assumed to be reduced to metallic Fe nanoparticles,27,28 a process which has been shown, both with Fe and other transition metals, to induce the subsequent localized graphitization of the monolith.29
Structure and Morphology. FE-SEM of the monolith rods in cross-section revealed that the synthesized NTCM material possessed both abundant macro-and mesopores (Figure 2b−d) . The macroporous structure reproduced the closely packed silica gel template (Figure 2a) exhibiting an interconnected open pore network. The macropore generating template particles were randomly oriented and closely packed within the phenolic resin mixture under gravitational force, before the resin was solidified. The diameter of macropores on average shrank by ∼13% (Figure 2c ) in relation to the silica gel template particles. The main reason for this was the dehydrogenation and decomposition of oxygen-containing species, leading to the densification of the carbon walls during the thermal treatment and a reduction in the concentration of micropores. The degree of shrinkage seen herein is in good agreement with a previous study, 17 and importantly, despite this shrinkage, there were no visible external or internal cracks seen throughout the prepared monoliths. A high-magnification image (Figure 2d) shows the coarse surface texture and presence of irregular mesoporous structure upon the inner wall of the macropores within the NTCM samples. These features could result from the effect the hydrophobic C 60 surface layer of the template particles has upon its inclusion within the resorcinol-formaldehyde resin mixture, as no such structure was seen with the CM blank, which used simply bare silica templates. In this case, the inner pore surfaces appeared considerably smoother in texture, including those materials produced within the previous work of Liang et al. and Eltmimi et al. 10, 17 TEM analysis of both the NTCM and CM blank samples was also performed. TEM images of NTCM (Figure 3b ) appeared to confirm the absence of visible C 60 aggregates upon the walls of the NTCM material, and supported the process of partial graphitization of NTCM, as there were few obvious graphite strips woven into the carbon mass. However, in contrast, for the CM blank without incorporated C 60 , the degree of graphitization appeared to be higher, as confirmed by the presence of a high concentration of graphite ribbons (Figure3a). The energy-dispersive X-ray spectroscopy analysis (EDX) confirmed that the carbon content was 94 ± 2 wt % for NTCM, compared to 86 ± 3 wt % for the CM blank. The EDX analysis also revealed an oxygen content of 4 ± 1 wt % for the NTCM, which was considerably less than for the CM blank material, at 10 ± 2 wt %. There were no detectable iron impurities within the samples. This was an important finding because the presence of Fe, even at a trace level is involved in electron transfer occurring at the monolith surface, affecting the response and reproducibility of such carbon monoliths if used as electrodes. 21 The presence of trace Si (<1%) is a result of incomplete removal of the template during the HF treatment, which can be reduced further through further exposure to HF. The EDX analysis confirmed there were no traces of nitrogen present in either CM blank or NTCM samples, in the latter case indicating the all the primary or secondary amines on the silica template were sacrificed during carbonization.
Surface Area Measurements.
As shown in panels a and b in figure 4 ,the nitrogen adsorption/desorption isotherm of the CM blank and NTCM exhibited type IV isotherms, showing polymolecular adsorption in the mesoporous media. The adsorption hysteresis revealed the presence of a capillary condensation process in cylindrical pores with two openings. The geometry of pores can be estimated from the hysteresis loop form. Thus, the hysteresis loop for isotherms for both CM blank and NTCM belong to type B, which is characterized by the steep slope in the adsorption plot in the region close to the saturation pressure, and the steep slope for the desorption plot in the region of midrange pressures. Such forms of hysteresis can be an indication of cylindrical pores with bottle-shape structures (wide openings and narrow "necks"), or slit-type pores. 30 Furthermore, the absence of a sharp condensation/ evaporation step, or a pronounced hysteresis loop for both isotherms implied that there was no ordered structure or narrow pore size distribution within the mesoporous carbon materials.
Capillary condensation for both materials started at medium relative pressures, P/P 0 ∼0.45, suggesting the skeleton pores in these carbons were mainly composed of mesopores. Pore diameters for the CM blank and NTCM estimated using the Barrett−Joyner−Halenda method 31 were 10.7 and 6.1 nm, respectively.
For both isotherms, the first plateau was observed at relatively low P/P 0 values (∼0. 15) showing that both materials possessed some microporous structure (Figure 4) . Subsequently, the total micropore volume derived from the t-plot was 0.028 and 0.016 cm 3 g −1 for the NTCM and the CM blank (average, n = 3), respectively. It is also clear from the isotherms seen, that the adsorption uptake at relative pressures below 0.05 P/P 0 , was higher for the NTCM sample, indicating a higher degree of adsorption within micropores. This finding shows that the introduction of fullerenes appeared to result in the formation of a greater concentration of micropores. Considering the van der Waals diameter of a fullerene molecule (∼1.1 nm), 32 the partial decomposition of fullerenes (shown earlier by TGA) should theoretically result in the formation of pores with an average diameter below 2 nm. The BET specific surface areas, evaluated at P/P 0 from 0.05 to 0.25, taking an average of three sample sets each, were calculated as 272 ± 32, and 435 ± 23 m 2 g −1
, for the CM blank and NTCM, respectively (see Table 1 ). The total pore volume was significantly higher for NTCM, namely 1.24 cm3 g−1, compared to 0.42 cm3 g−1 for the CM blank.
As the only difference between NTCM and the CM blank was the use of the FMS templates, it was likely therefore that if these data are correct, the observed differences in both surface area and pore volumes, should stem first from the impact of the FMS surface upon the close formation of the polymer around the FMS template, and subsequently and perhaps more importantly from its impact upon the generation of a higher concentration of micropores within the macropore walls during carbonization. These data are summarized within Figure 5 shows the MB binding data on the two carbon monoliths (N vs CMB), both of which were reasonably well represented by the Langmuir isotherm. The plot of CMB/N vs CMB was then reconstructed, resulting in a straight line with CMB/N = 0.546 + 2020 CMB (R2 = 0.944) for the CM blank and CMB/N = 0.334 + 2104 CMB (R2 = 0.992) for the NTCM sample. Using this approach the specific surface area of the CM blank was found to be very similar to the value obtained for NTCM: 387 and 372 m2 g−1, respectively. The similarity between the two values may be expected, given the inability of MB to penetrate the micropores within the carbon monoliths,and are reasonably comparable to the values obtained by the nitrogen adsorption BET measurements.Raman Spectroscopy. On the basis of the pioneering work of Tuinstra et al., 36 Raman spectroscopy was applied to the NTCM and CM blank samples, and compared to the Raman spectrum of commercial graphite.
The Raman signature of NTCM exhibited three major peaks, as commonly observed for carbon nanotubes and other carbon materials, i.e., the sp3 and sp2 carbon phases coexisting in the sample (Figure 6 ). The positions of these peaks remain almost constant. The D band, the disorder band, is located around 1350 cm −1 , which is active in Raman as the result of the imperfections or loss of hexagonal symmetry in the carbon structure. 29 Therefore, this band has been used to evaluate the degree of imperfection or crystallinity of graphite. 29 The G band, common to all sp 2 carbon forms, observed around 1580 cm −1 , corresponds to the Raman active 2E 2g mode of a twodimensional network structure, i.e., the C−C bond stretching, in all carbon and graphitic materials. 29 Previous studies have revealed that intensity ratio of the D to the G band, R, (R = I D / I G ) was inversely proportional to the in-plane crystallite sizes (L a ). 36, 37 The R value of NTCM was 0.43, which is lower than the value of the CM blank (0.64), but still much higher than the value of commercial graphite (0.14). These results again confirmed that the NTCM was still only partially graphitized, although the degree of graphitization was improved using the FMS template. Graphitization must be carried out at temperature 2000 °C or higher to achieve an R value close to commercial graphite, whereas in this work NTCM was only carbonized under 1250 °C to preserve its mesoporous structure.
Electrochemical Measurement. On the basis of the similarity between the Raman signature of NTCM and multiwalled carbon nanotubes (MWCNTs), a series of experiments was conducted to assess the applicability of NTCM as a substrate for electrode modifications. MWCNTs have been used very extensively for numerous important biosensing platforms and carbon monolithic substances has also been proven as useful materials for probing direct bioelectrochemistry and selective detection of hydrogen peroxide. 21 The electrochemical behavior of a glassy carbon electrode (GCE) modified with NTCM or CM was first evaluated by cyclic voltammetry (CV) and compared to that of the GCE modified with pristine C 60 or graphite. Studying the electrochemical performance of such materials is helpful to understand their chemical composition and morphology. 38 With
Fe(CN) 6 3−/4− as a redox probe, the cyclic voltammograms of the modified GCEs exhibited quasi-reversible behavior, as ΔE p (peak separation between the anodic and cathodic peak) was noticeably greater than the theoretical value of 59 mV for a reversible electrochemical process. Considering the ΔEp value obtained for each modified electrode, the NTCM modified electrode, the NTCM modified GCE (Figure 7f ) resembled the C60 modified GCE (Figure 7(b) ), whereas the CM modified GCE (Figure 7e ) resembled the graphite modified GCE (Figure 7c) . Furthermore, the response current to Fe(CN)63−/4−of the NTCM modified GCE (Figure 7f ) was higher compared to the CM modified GCE (Figure 7e ), implying a higher porosity and surface area of the resulting film.
Following the above comparison, the modification of a boron-doped diamond (BDD) electrode with the new NTCM material was investigated. The BDD electrode was selected because it exhibits very high potentials for both oxygen and hydrogen evolution. The BDD film has attracted considerable interest in electrochemistry for use as active electrodes due to its superior chemical, physical, and mechanical inertness. Figure 8A A quasi-reversible process was also observed for the BDD electrode modi fied with NTCM ( Figure 8A ). Of interest was its lower ΔE p value of 91 mV, compared to 95 mV of the pristine BDD electrode. Such a result illustrated the relatively rapid electron-transfer rate at the NTCM modified diamond-solution interface. Given the above observation and to further demonstrate the potential applicability of NTCM in electrochemistry fields, the NTCMmodified BDD electrode was then applied to the detection of hydrogen peroxide, a small molecule, which plays an important role in clinical and analytical chemistry. The NTCM modified BDD electrode was able to detect hydrogen peroxide with a detection limit of below 300 nM ( Figure 8B , c) whereas the pristine BDD electrode was not responsive to this target compound ( Figure 8B, d) .
CONCLUSION
In brief, nanotemplated trimodal carbon monolithic materials were successfully synthesized using fullerene-modified silica gel as solid templates and resorcinol/formaldehyde as a carbon precursor, with Fe(III) as a localized graphitization catalyst. The nanotemplated monolith possessed both macropores and narrowly distributed mesopores, and increased micropores with sp 3 and sp 2 carbon phases coexistent in the samples. Furthermore, their textural properties such as BET specific surface area, pore volume, and pore size were increased for NTCM in comparison with the CM blank. All NTCM had a high specific surface area, high mesopore volume, and narrow size distributed mesopores. These NTCM materials are likely to find their use in a variety of applications including biomolecule adsorption, catalyst supports, drug delivery, or electrode materials.
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